Objectives: The purpose of this study was to determine whether pain at hospital discharge is associated with general health and depression and posttraumatic stress disorder (PTSD) at 1 year following traumatic orthopedic injury.
T he persistence of moderate to severe pain is widespread in patients following traumatic orthopedic injury. Studies report levels of moderate to severe pain in 48% to 59% 1,2 of trauma survivors at hospital discharge and in 30% to 37% 2-5 of patients within 6 months postinjury. Elevated pain early in the recovery process has been found to predict chronic pain. Studies by Williamson et al 2 
and
Clay et al 5 demonstrated that high pain intensity at hospital discharge and at 2 weeks' postinjury, respectively, is a significant risk factor for pain at 6 months following acute orthopedic trauma. Pain at 3 months has also been found to predict chronic pain at 1 and 7 years. 3, 6 Despite the importance of persistent pain following orthopedic trauma, limited research has examined the relationship between pain during the acute postoperative period and long-term health outcomes. The Lower Extremity Assessment Project (LEAP), which enrolled patients between 1995 and 1999, found that higher levels of pain at the preceding timepoint were related to lower levels of functioning at 6 and 12 months following high-energy trauma, 7 whereas increased pain at 3 months was found to be a highly significant predictor of lower rates of return-towork within 84 months' postinjury. 8 The LEAP study group has also noted a longitudinal relationship between 3-month pain scores and depression and anxiety symptoms during the first year following surgery. 9 The primary objective of the current study was to determine whether pain at hospital discharge was associated with outcomes at 1 year following traumatic orthopedic injury. We hypothesized that increased early postoperative pain would be associated with decreased general health and the presence of depression and posttraumatic stress disorder (PTSD) after controlling for demographic and injury characteristics.
MATERIALS AND METHODS

Participants
This study prospectively enrolled 213 patients, 19 to 86 years of age, admitted to an academic level 1 trauma center for surgical treatment of a traumatic lower-extremity (87%) or upper-extremity (13%) orthopedic injury. Patients with intracranial hemorrhage indicating moderate to severe brain injury, spinal cord deficit, history of schizophrenia or other psychotic disorder, a Glasgow Coma Scale score of <14 on admission, surgery for an extremity amputation, or length of stay of <24 hours were excluded. This study was reviewed and approved by the participating site's Institutional Review Board.
Procedures
Patient recruitment occurred between November 2009 and March 2011. Participants were enrolled on the orthopedic unit within 48 hours after surgery. Patients were asked to complete a baseline self-report assessment containing questions on marital status, education, preinjury employment, comorbid conditions, and preinjury psychological conditions. Demographic, injury, and surgery characteristics, such as age, sex, race, insurance status, height and weight, mechanism of injury, injury severity score, Glasgow Coma score, surgery type, length of hospital stay, and body region of injury were abstracted from patient medical records.
Pain intensity was measured at hospital discharge with a modified version of the Brief Pain Inventory (BPI). 10 The pain intensity scale includes 4 items assessing current, worst, least, and average pain, with "0" being no pain and "10" being severe pain. The instructions were modified for use in the hospital setting by asking patients to describe their pain during the hospital stay. The BPI has proven reliable (Cronbach a > 0.80) and valid (highly correlated with the SF-36 brief pain scale, the Roland Disability Questionnaire, the McGill Pain Questionnaire, and the Visual Analog Scale for pain) in surgical patients. 11, 12 Depressive and PTSD symptoms were also measured at hospital discharge using well-established and validated questionnaires.
A follow-up assessment was conducted at 1 year after hospital discharge to gather data on general physical and mental health and depressive and PTSD symptoms. Assessments were mailed to those patients not returning to the clinic. If a person did not respond within 1 week after mailing the questionnaire, they were contacted by telephone, and requested to complete and return the questionnaire within 5 days.
Outcome Measures
General physical and mental health was measured with the physical and mental component scales (MCS) of the SF-12. 13 The physical component scale (PCS) assesses the 4 subdomains of physical functioning, role-physical, bodily pain, and general health and the MCS assesses the 4 subdomains of vitality, social functioning, role-emotional, and mental health. The PCS and MCS of the SF-12 have demonstrated responsiveness, good test-retest reliability (Pearson r > 0.75), good internal consistency (Cronbach a > 0.70), and validity with correlations >0.90 with the SF-36 in generalized and various patient populations. [13] [14] [15] Depressive and PTSD symptoms were measured with the 9-item Patient Health Questionnaire (PHQ-9) and PTSD Checklist-Civilian version (PCL-C), respectively. 16, 17 Both instruments were developed using the diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). The PHQ-9 scores each of the DSM-IV criteria as "0" (not at all) to "3" (nearly every day) and a total score ranges from 0 to 27. PHQ-9 scores of 5, 10, 15, and 20 represent mild, moderate, moderately severe, and severe depression, respectively. 18 In a psychometric study of the PHQ-9 compared with independent diagnoses made by mental health professionals, the instrument was both sensitive (0.75) and specific (0.90) for the diagnosis of major depression. 19 Internal reliability scores have been estimated at 0.89 in a primary care population. 18 A score of Z10 has been recommended as a cut-off for clinically significant depression and has been found to have sensitivity and specificity of 88% for major depression. 18 The 17-item PCL-C rates how much patients were bothered by a particular symptom during the last month (from "1" [not at all] to "5" [extremely]) and a total score ranges from 17 to 85. The PCL-C has demonstrated good reliability and convergent validity with moderate to high correlations with the Clinician-Administered PTSD Scale and the Mississippi PTSD Scale and measures of anxiety, depression, hostility, and physical and emotional functioning. 20 A score of Z44 has been found to have high sensitivity (0.94) and specificity (0.86) for the diagnosis of PTSD and is recommended for individuals in specialized medical clinics. 21 
Statistical Analysis
Descriptive statistics were used to summarize all study variables (means, medians, SDs, frequency). All continuous variables were examined for the assumptions required for parametric analyses. Differences between survey responders and nonresponders at 1 year after hospital discharge were examined with Student t tests and w 2 tests. Analysis of variance (ANOVA) and w 2 tests assessed differences in demographic and injury characteristics and pain intensity at hospital discharge by type of surgical procedure (acute vs. revision vs. infection) to support combining patients into a single group for subsequent analysis.
Pearson correlation coefficients with a Bonferroni correction were used to examine associations between pain and depressive and PTSD symptoms at hospital discharge and pain at hospital discharge and outcomes at 1 year. Separate bivariate and multivariable regression analyses were used to determine whether pain intensity at hospital discharge was associated with the outcomes of physical and mental health and the presence of depression and PTSD. Linear models were used for general physical and mental health and logistic models for depression and PTSD outcomes. Cut-off scores identified from the literature, 10 for the PHQ-9 and 44 for the PCL-C, were used to classify participants as having clinically significant depression and PTSD. All models controlled for the a priori variables of age, education, and injury severity score. Depression and PTSD models also controlled for psychological symptoms of interest at hospital discharge. Additional variables of insurance, comorbid conditions, preinjury psychological conditions, body mass index, presence of multiple injuries, surgery type, and mechanism of injury that were significant at P < 0.05 in bivariate regression analyses were included in final multivariable models. Stata statistical software (version 11.0; Stata Corp., College Station, TX) was used to analyze the data. The level of significance was set at a = 0.05. enrolled (P > 0.05). However, enrolled patients compared with nonenrolled patients were more likely to be white (93% vs. 85%) (P < 0.01). One hundred and thirty-three patients (62%) completed a 1-year follow-up assessment. Patients who were lost to follow-up at 1 year did not differ significantly on any measured demographic, injury, or health status characteristics compared with patients with complete data ( Table 1 ). The majority of participants were white (93%), male (56%), and had less than or equal to a high school education (53%). Eighty-seven percent of the primary orthopedic injuries were lower-extremity, with 9% pelvis/acetabular, 28% femur, 31% tibia, and 19% foot/ankle. The remaining 13% were humerus (7%) and forearm (6%) injuries.
Preliminary analyses determined that patients having surgery for acute trauma, revision or infection were not significantly different on baseline characteristics or pain intensity at hospital discharge. All patients were combined into 1 sample for further analyses.
Hospital Discharge
Average pain intensity on the BPI was 6.3 (SD = 2.4) at hospital discharge. Twenty-eight percent of patients reported having mild pain (BPI < 5), whereas 28% reported moderate pain (5rBPI < 7), and 44% severe pain (BPIZ7). The average scores on the PHQ-9 and PCL-C at hospital discharge were 8.4 (SD = 5.9) and 29.7 (SD = 11.8). Fifteen percent of patients reported moderate depressive symptoms (PHQ-9 = 10 to 14) and 9% and 7% reported moderately severe (PHQ-9 = 15 to 19) and severe depressive symptoms (PHQ-9Z20), respectively, at hospital discharge. Twentyseven patients (13%) scored Z44 on the PCL-C and 89% of these patients displayed comorbid depressive symptoms. Statistically significant correlations were found between pain and depressive symptoms (r = 0.61; P < 0.0001) and pain and PTSD symptoms (r = 0.46; P < 0.0001) at hospital discharge ( Table 2) . A strong correlation was noted between depression and PTSD (r = 0.70; P < 0.0001). 
1-Year Follow-up
At 1 year after hospital discharge, the average scores on the SF-12 PCS and MCS were 35.6 (SD = 10.6) and 45.1 (SD = 11.2), respectively. The average score on the PHQ-9 was 11.2 (SD = 6.6) and on the PCL-C was 33.3 (SD = 16.2). Fifty-six percent of patients reported clinically significant depressive symptoms (PHQ-9Z10) and 22% scored Z44 on the PCL-C, indicating the presence of PTSD. Of those with PTSD, 86% displayed depression comorbidity.
Pearson correlation coefficients between pain at hospital discharge and physical and mental health at 1 year were found to be À 0.13 and À 0.16, respectively (corrected P > 0.05) ( Table 3) . Bivariate linear regression analyses demonstrated no statistically significant relationship between pain at hospital discharge and physical health (b = À 0.62; 95% confidence interval [CI], À 1.4 to 0.20) and mental health (b = À0.77; 95% CI, À1.6 to 0.09). Statistically significant correlations were found between pain at hospital discharge and depressive (r = 0.74; P < 0.0001) and PTSD symptoms (r = 0.33; P < 0.001) at 1 year. Bivariate associations between pain and the presence of depression and PTSD were significant with odds ratios (ORs) of 3.3 (95% CI, 2.2 to 4.9) and 1.5 (95% CI, 1.2 to 2.0), respectively.
Multivariable linear regression analyses found that pain at hospital discharge was not statistically associated with physical health (b = À0.78; P = 0.06) or mental health (b = À0.80; P = 0.07) at 1-year follow-up (Table 4) . Pain intensity was statistically associated with depression (OR = 3.3; P < 0.001) and PTSD (OR = 1.4; P = 0.03). In addition, increased age was associated with decreased physical health (b = À 0.13; P = 0.03), whereas having greater than a high school education was associated with increased physical health (b = 5.5; P = 0.003) and mental health (b = 5.2; P = 0.003). Greater than a high school education was protective of PTSD (OR = 0.28; P = 0.02) and PTSD symptoms at hospital discharge (OR = 1.1; P = 0.003) was statistically associated with the presence of PTSD at 1-year follow-up.
DISCUSSION
This study examined whether pain at hospital discharge was significantly associated with general health and depression and PTSD at 1 year following traumatic orthopedic injury. Results did not support our hypothesis that pain intensity would impact long-term general physical and mental health. However, early postoperative pain was associated with the presence of depression and PTSD at 1 year after controlling for demographic and injury characteristics as well as psychological symptoms at hospital discharge. Results suggest that efforts to improve pain assessment and management in the hospital setting may have a positive impact on long-term depressive and PTSD symptoms.
The hypothesis that pain at hospital discharge would have a relationship with general physical and mental health at 1 year was not supported. These results were unexpected, given that cross-sectional studies in trauma survivors have found an association between pain and general health outcomes at 12 months after injury. [22] [23] [24] Moreover, work by the LEAP study group and others have demonstrated a predictive relationship between acute postinjury pain and longterm physical disability. 7, 25 Our nonsignificant findings may be because of a difference in outcome measures. Previous longitudinal work used the Sickness Impact Profile and the World Health Organization Disability Assessment Schedule, whereas the current study focused on general health as measured by the SF-12. Another explanation may be that negative mood or emotional factors play a larger role in general health outcomes. Pain and psychological distress are interrelated and negative emotions tend to be elevated during the early postinjury period. 1, [26] [27] [28] [29] Wegener et al 7 found that higher levels of negative mood had a stable longitudinal relationship with lower levels of function in patients treated for high-energy trauma, and that the influence of pain on function appeared to be through the negative affect that accompanies the pain experience.
As hypothesized, we found increased levels of early postoperative pain to be independently associated with clinically significant depression at 1 year. Our finding is consistent with work by Castillo et al 9 who found that pain intensity at 3 months predicted depressive symptoms during the first year posttrauma. O'Donnell et al 26 also reported a significant relationship between pain severity during hospitalization and psychiatric symptoms at 12-month follow-up. Our data support studies that demonstrate a pain-depression relationship longitudinally, with the severity of pain symptoms determining the risk of developing psychological distress. [30] [31] [32] [33] Increased pain intensity at hospital discharge was also associated with the presence of clinically significant PTSD. This finding is not surprising as PTSD is frequently associated with depression 34 and 86% of our patients with PTSD at 1 year displayed comorbid depression. Results are also consistent with previous studies that suggest uncontrolled pain may result in the exacerbation of posttraumatic stress symptoms and the development of PTSD, with pain serving as a reminder of the traumatic experience. [35] [36] [37] [38] The cognitive, affective, and behavioral components of pain and pain perception, such as anxiety sensitivity, catastrophizing, and avoidant coping, may also influence the development and maintenance of PTSD. 39 Soberg et al 37 found a statistically significant relationship between increased pain intensity at 2 weeks after hospital discharge and posttraumatic stress symptoms at 2 years in patients with multiple trauma. Peritraumatic pain within 48 hours of traumatic injury has also been reported to be a risk factor for PTSD at 4 and 8 months following hospital admission. 38 It is important to note that the link between pain and psychological distress, especially depression, is well established and comorbidity is common. 30, 31 Co-occurrence rates of 30% to 50% for pain and depression have been reported in primary care patients 31 and population estimates of comorbid pain and PTSD are 7% to 8%. 40 Archer et al 1 reported moderate to severe pain and clinically significant depressive and PTSD symptoms in 39% and 18% of patients at hospital discharge with traumatic orthopedic injury, respectively. Overall, long-term outcomes in trauma survivors have the potential to be greatly improved by jointly assessing pain and psychological distress during hospitalization and the early postoperative recovery period. The assessment of pain and depression is particularly encouraged as robust evidence has found that pain and depression respond to similar treatments and often exacerbate one another. [30] [31] [32] [33] 41 Pain appears to predict depression with the same strength as depression predicts the onset of persistent pain. 31 Findings from this study have significant implications for the care of patients following traumatic orthopedic injury. Pain is complex and multidimensional and a single item that measures pain intensity alone may be insufficient to distinguish trauma patients in need of more aggressive pain treatment. 42 A systematic review of patients following traumatic injury recommends the use of comprehensive and validated measures for pain that follow the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) guidelines. 36 IMMPACT identifies domains of pain that include intensity as well as quality (affective and sensory), temporal aspects, and physical and emotional functioning. 42 Potential pain assessment strategies include a composite measure of pain intensity, interference and affect, and joint assessment of pain and emotional functioning (ie, symptoms of depression and anxiety). 9, 30, 33, 43, 44 Discharge planning could incorporate computer adaptive testing using PROMIS or NIH Toolbox instruments for pain and emotional distress, which is in line with models of early pain and psychological intervention service delivery. 45 Furthermore, studies have started the use of repeated measures to assess a patient's pain trajectory (ie, rate of pain resolution). 33, 43, 44 The results of this study are underscored by growing literature highlighting the need for interventions in the early postacute phases of recovery to address pain and patients' psychosocial needs following traumatic injury. 7, 26, 36, 46 Studies suggest that stepped and collaborative care models may be effective for improving long-term outcomes. 26, 45, 47 Other suggestions include the use of self-management and brief cognitive-behavioral programs in the hospital setting that have been shown effective for chronic pain. 1, 46, 48 Clinicians and researchers may also consider in-hospital treatments which seek to decrease pain and foster the development and strength of positive affect. These hospital interventions may include, but are not limited to mindfulness-based strategies and acceptance and commitment therapy. 49, 50 There are several limitations to consider when interpreting the results of this study. First, the follow-up rate for the 1-year assessment was 62%. The comparison of baseline demographic and injury characteristics between patients with and without complete data showed that these groups were similar. However, caution should be exercised when generalizing results of this study to other trauma populations and settings outside of urban academic medical centers. A second limitation is that patient-reported measures were used to assess depressive and PTSD symptoms instead of an interview with a mental health professional. We used wellaccepted instruments that are reliable and valid; however, perceived psychological distress can innately influence and contribute to observed variances. Another limitation is the lack of data on the management of pain in the hospital setting. We are unable to ascertain whether the prevalence of moderate to severe pain was due to an inability to control the neurophysiological or affective aspects of pain, which limits conclusions regarding the type and frequency of pain management interventions.
Despite these limitations, the current results provide support for the independent association between increased pain at hospital discharge and depression and PTSD at 1 year following traumatic orthopedic injury. Findings highlight the importance of early screening for uncontrolled postoperative pain to identify patients at high risk for poor outcomes and who could benefit from more aggressive pain management. Results suggest that early interventions are needed to address pain severity in patients with orthopedic trauma. 
Risk Factors Physical Health Mental Health Depression PTSD
Pain at hospital discharge À 0.78 (À 1.6 to 0.02) À0.80 (À 1.7 to 0.06) 3.3 (2.1 to 5.3)* 1.4 (1.0 to 1.78)* Age (y) À 0.13 (À 0.26 to À0.01)* À0.05 (À 0.18 to 0.08) 0.99 (0.95 to 1.0) 1.0 (0.97 to 1.1) > High school vs. rhigh school (reference) 5.5 (2.0 to 9.1)* 5.2 (1.4 to 9.0)* 1.0 (0.35 to 2.9) 0.28 (0.10 to 0.78)* Injury severity score 0.01 (À 0.22 to 0.24) À0.17 (À 0.42 to 0.07) 1.1 (0.99 to 1.2) 0.99 (0.94 to 1.1) Depression at hospital discharge --1.0 (0.90 to 1.2) -PTSD at hospital discharge ---1.1 (1.0 to 1.1)*
